Antiangiogenic therapy has shown clinical benefit in metastatic colorectal cancer (mCRC). We aimed to evaluate the efficacy and safety of apatinib in patients who failed standard treatment and to explore potential factors related to its efficacy.
Introduction
Colorectal cancer (CRC) is the fifth most common malignancy in China, [1] and remains the second cause of cancer death worldwide. [2] Although surgical resection of metastatic lesions can significantly extend life and improve the quality of life, most patients lose the opportunity to receive radical surgery because of the presence of multiple metastatic sites. Systemic cytotoxic chemotherapy has become an important treatment option for metastatic CRC (mCRC). [3] In addition, molecular-targeted therapeutic drugs (cetuximab, bevacizumab, aflibercept, regorafenib, and ramucirumab) have been approved by the Food and Drug Administration for the treatment of mCRC. [3] Although many innovative drugs have been developed, some studies found that, in the case of mCRC, the median overall survival (OS) was no more than 41.3 months, and the median progression-free survival (PFS) was only 13.0 months. [4] Although most patients will experience undesired progressive disease, it is necessary to explore effective treatment options for these patients.
The vascular endothelial growth factor-A (VEGF-A)/VEGFR-2 signal pathway is regarded as a key limiting step in tumor growth and metastasis. A variety of antiangiogenesis approaches targeting the VEGF-A/VEGFR-2 signal pathway have shown modest improvements in the OS and PFS associated with mCRC. [5] Apatinib is a small-molecule tyrosine kinase inhibitor that highly selectively binds to and strongly inhibits VEGFR2. In 2014, the China Food and Drug Administration approved apatinib for the treatment of chemotherapy-refractory advanced and metastatic adenocarcinoma of the stomach and gastroesophageal junction. [6, 7] Subsequently, apatinib showed extensive antitumor effects, including breast cancer, [8] lung cancer, [9, 10] and esophageal cancer. [11] Some preclinical trials and clinical trials have shown apatinib to be effective in treating mCRC, [12] [13] [14] but the published literature is still limited. Meanwhile, factors associated with the effect of apatinib are still unclear.
Therefore, we carried out this observational study to provide additional clinical evidence for apatinib treatment in patients with mCRC and to explore possible factors associated with its antiangiogenesis efficacy.
Materials and methods
Patients with pathologically confirmed advanced and mCRC were eligible. All patients had progressed and relapsed after undergoing at least 1 line of systemic therapy according to guidelines of the National Comprehensive Cancer Network. A total of 47 patients were enrolled between December 2014 and February 2018. All patients had received ≥1 cycle of apatinib therapy and were eligible for efficacy and toxicity assessments. Exclusion criteria were follows:
(1) renal insufficiency, heart insufficiency and severe pulmonary dysfunction; (2) active infective or sepsis;
(3) active visceral hemorrhage; (4) gastrointestinal perforation or obstruction; (5) high risk of bleeding (prothrombin time ≥ 12.9 seconds, active partial thromboplastin time ≥ 38.4 seconds); (6) inadequate bone marrow function (white blood cells 3000/ mL, platelet count 50000/mL).
All patients were informed of the use of apatinib. They provided written consent before treatment and consented to the use of their treatment process data for future medical research. This study was approved by the Second People's Hospital of Lianyungang's review boards and ethics committees after a careful review of the ethical and scientific aspects.
Clinical-pathological and laboratory data
Clinical-pathological data were retrospectively obtained from patients' medical histories. Blood values including leukocyte, neutrophil, lymphocyte, monocyte, and platelet counts were collected and counted by flow cytometry before the treatment of apatinib. The neutrophil-to-lymphocyte ratio (NLR) was calculated as the absolute neutrophil count divided by the absolute lymphocyte count. The platelet-to-lymphocyte (PLR) was calculated as the absolute platelet count divided by the absolute lymphocyte count.
Treatment
Apatinib therapy was initiated from an oral administration dosage of 500 mg once a day, 4 weeks for a cycle, which could be decreased to 250 mg once daily according to the patients' actual performance status and the patients' severe adverse events (AEs). The chemotherapy combined with apatinib was based on the physicians' determination of the patient's situation. Treatment interruption, resulting from AEs, was allowed for no more than 14 days. Patients received treatment until disease progression, development of unacceptable toxicity, death, and discontinuation of apatinib for any other reason.
Assessments
Patients with measurable disease were evaluated by response evaluation criteria in solid tumors. All patients underwent computed tomography scan at baseline, after 1 cycle, and after every 2 cycles and progression of the disease. Disease control was defined as complete remission, partial remission, and stable disease. Patients in whom the disease progressed after 2 cycles of treatment were defined as having progressive disease. PFS was defined as the time between the start of the treatment and disease progression and death (the first event that occurs) and last tumor evaluation. OS was considered as the duration from the start of therapy with apatinib to the date of death and the last day of follow-up. AEs were graded according to the NCI Common Toxicity Criteria version 3.0.
Statistical analysis
R 3.4.2 software was used to determine the cutoff value for pretreatment levels of NLR and PLR by survival ROC data package. The results showed that the area under the curve (AUC) of NLR was 0.731 and the AUC of PLR was 0.439. Thus, NLR levels were analyzed further.
The PFS and OS after treatment were estimated by the Kaplan-Meier method. The comparison of subgroup analysis was applied using a log-rank test. The hazard ratios (HRs) and corresponding 95% confidence intervals (95% CIs) were estimated using the Cox's proportional hazards regression model, and the results were displayed in a forest plot.
Both responses and AEs were aggregated in the form of frequency counts and percentages. The objective response rate (ORR) and disease control rate (DCR) analyses were based on frequency counts. The proportion of patients with an ORR was compared using Fisher exact test.
All statistical analyses were performed using SPSS for windows (version 20, IBM, Armonk, NY).
Results

Patients and tumor characteristics
The main clinic-pathological characteristics of the 47 patients are shown in Table 1 . All patients had received previous treatment, including mFOLFOX6, FOLFORI, and XELOX. Eleven (23.4%) patients received bevacizumab, and the remaining patients received no target therapy. Twenty-seven (57.4%) patients were administered apatinib in combination with chemotherapy, mainly with raltitrexed or tegafur, and 20 (42.6%) patients received apatinib alone.
Efficacy
All 47 patients were evaluated by image examination. Four patients achieved partial remission, 30 patients had stable disease, and 13 patients were reported as progressive disease after the apatinib therapy. These resulted in an ORR of 8.51% and a DCR of 72.34% ( Fig. 1A and B ), and factors considered as potential markers associated with the efficiency, such as Eastern Cooperative Oncology Group performance status, peritoneal metastasis, number of metastases, and apatinib combination, did not make any differences in our study, probably because of the small sample size and the lack of effect of apatinib on these patients (Table 1) .
At the time of analysis, 45 patients had progressed from apatinib therapy and 39 patients had died mainly because of tumor progression. The median PFS was 3.717 months (95% CI, 3.198-4.235), and the median OS was 7.335 months (95% CI, 6.738-7.932) ( Fig. 1C and D) .
As shown in Table 2 , we found prior antiangiogenic therapy and baseline NLR was associated with PFS and OS (Fig. 2) . To explore possible factors associated with the effect of apatinib, we brought patients' characteristics into our analysis model. The Cox regression model showed a significant association between the PFS of apatinib therapy and prior antiangiogenic therapy (adjusted HR, 0.382; 95% CI, 0.153-0.955; P = .040) and baseline NLR (adjusted HR, 0.423; 95% CI, 0.192-0.932; P = .033) ( Fig. 3 ). The OS also had a similar result as PFS ( Fig. 3 ).
Adverse events
The main toxicities possibly related to therapy are listed in Table 3 . The AEs in the 47 patients were generally mild, mainly ranging from grade 1 to grade 2. Six patients experienced grade 3 AEs, including hypertension, proteinuria, hand-foot syndrome, and diarrhea. There were no grade 4 AEs in our analysis. None of the patients died of drug-related causes during the study period.
Discussion
Our study is a real-world observation of the efficacy and safety of apatinib therapy for patients with mCRC. In this study, apatinib therapy led to a median PFS of 3.717 months (95% CI, 3.198-4.235), a median OS of 7.335 months (95%CI 6.738-7.932), an ORR of 8.51%, and a DCR of 72.34%. Common AEs were hypertension (51.06%), proteinuria (44.68%), and neutropenia (22.76%). The most severe AEs (>grade 3) were hypertension (8.51%), proteinuria (4.26%), and diarrhea (4.26%). Our results seemed to be different from 2 recent studies of apatinib in mCRC patients. 11, 12 However, there were some bright spots in our study. On one hand, patients' performance status before apatinib in this study was much worse. These discrepancies illustrated that patients in the real world have worse performance status and have more visceral metastasis and higher tumor burden, highlighting the gap between the randomized controlled trials and real-world treatment. On the other hand, combination with other therapy was allowed according to patients' actual performance status in our study, which was not covered in trials. We believe that these rectifications may be beneficial for obtaining similar results with previous trials, even if patients were heavily pretreated and performed worse. Moreover, these rectifications, especially combination chemotherapy, did not increase the incidence of AEs, which indicates adequate tolerance of patients. Preclinical data demonstrated that vascular endothelial growth factor was continuously expressed during oncogenesis, tumor growth, and metastasis, and prolonged exposure to VEGF inhibitors could delay tumor growth and even prevent tumor angiogenesis. [15] Continuous angiogenic blockade strategy has been evaluated in the clinical setting and has proven to benefit patients with mCRC. [16] [17] [18] However, some conflicting results were reported for maintenance treatment with bevacizumab during chemotherapy-free intervals in mCRC, [19] partly indicating that patients benefit from continuous antiangiogenic therapy only. In our exploratory analysis, multivariate analysis suggested prior antiangiogenic therapy was an independent factor associated with the PFS of apatinib therapy. Although the benefit of bevacizumab was not testified in maintenance treatment, reintroduction of bevacizumab after progression to first-line therapy still prolongs OS in mCRC. Furthermore, bevacizumab plus thermotherapy extended survival time more than cetuximab after progression with bevacizumab plus thermotherapy in patients with wild-type (WT) KRAS mCRC. [16] These results show that, until now, continuous angiogenic blockade strategy may have been a rational choice.
Antiangiogenic therapies, whether monoclonal antibodies or tyrosine kinase inhibitors, is usually combined with chemotherapy because of their poor efficiency when used alone. Preclinical models demonstrated that sustained monoclonal antibody antiangiogenic treatment could create and remodel an environment suitable for normalization of stable vascular endothelial cells, leading to increasing tumor uptake of chemotherapy, which could be a possible explanation for the beneficial effect of this combination therapy. [20] Miaomiao Gou et al recently demonstrated that there was no clear survival benefit of apatinib combined with chemotherapy as compared with apatinib alone, [12] which corresponds with our results. However, bevacizumab combined chemotherapy was a priority recommended alternative to patients with KRAS WT mCRC. [21] [22] [23] Another study reported that the addition of regorafenib to FOLFIRI as second-line therapy for mCRC only modestly prolonged PFS when compared with FOLFIRI alone. [24] Some preclinical studies showed that apatinib significantly enhanced the cytotoxicity of substrate drugs and increased the intracellular accumulation of chemotherapy drugs by reversing multidrug resistance. [25, 26] Further studies were warranted.
Our results show that NLR at baseline has an independent prognostic impact on patients treated with apatinib; that, is patients with NLR ≥3.33 have a worse prognosis than those with NLR <3.33. The mechanism underlying the association between high NLR and worse outcome has not been clearly identified, but it could be due to the association of NLR with inflammation. [27] Neutrophils can inhibit the immune system, abolishing the function of immune cells. [28] Meanwhile, these cells can promote adhesion and seeding of distant organ sites through the secretion of circulating growth factors, such as VEGF and proteases. [29] On the other hand, lymphocytes play a crucial role in tumor defense by inducing cytotoxic cell death and inhibiting tumor cell proliferation and migration, thereby dictating the host's immune response to malignancy. [30] Recently, 1 study confirmed the prognostic role of NLR in patients with mCRC treated with bevacizumab plus chemotherapy as first-line therapy, showing the worse prognosis of patients with high NLR. [31] Our results were consistent with previous studies, [32] further supporting NLR as a good prognostic and predictive marker for mCRC patients treated with chemotherapy plus antiangiogenesis therapy. Angiogenesis is a complicated process by various pro-and antiangiogenic factors, which is critical for tumor development and growth, while VEGF is a crucial regulator in this process. Until now, disrupting VEGF signaling is a major approach in antiangiogenesis treatment. So, some factors relevant with this signal pathway are regarded as potential predictive biomarkers for anti-angiogenic therapies. Recently, Gurzu S et al revealed the most indicated cases for anti angigenic therapy seem to be the pN0 and pN1 cases in the rectum and sigma, respectively pN0 and pN2 cases in the right colon, [33] emphasizing lymph node invasion is important in angiogenesis. Unfortunately, our study did not verify this deduction. A big and robust study maybe is warranted. However, consistent with the result the ratio CD31/CD105 differences between descendent and right or left colon were not observed, our study also presented that tumor location was not related to efficacy of anti-angiogenic treatment. Although apatinib is associated with improved PFS and DCR, it also exposes patients to its toxicity. This toxicity has drawn the increasing attention of physicians and patients before consideration of the administration of apatinib. Hypertension, proteinuria, and hand-foot syndrome are the most common AEs in antiangiogenic therapy. Our results indicate that apatinib does not increase the risks associated with antiangiogenic therapy and can be tolerated by patients with a heavy tumor burden of the primary lesion. In our clinical center, we have gathered plentiful experiences. When grade 2 proteinuria occurred, we administered prednisone, and the protein in the urine vanished. On the other hand, when grade 2 hand-foot syndrome occurred, a Chinese patent medicine called RONG ZHAO ZHI YANG capsule was offered, and the syndrome was obviously alleviated. On the whole, from the observations in our study and previous trials, we can see that the AEs of apatinib are manageable, based on physician awareness and patient education.
This study offers some baseline real-world efficacy and safety data for apatinib, which are informative for physicians and patients. Second, exploratory analysis provides several clues for the selection of patients who are more likely to benefit from apatinib. Third, safety analysis of this study indicates that the possible side effects of apatinib are acceptable. However, there are some limitations of our study. Some questions associated with its retrospective observational methodology have been raised, including potential missing data, possible information bias, small sample size, and lack of a control group. Moreover, the present study did not observe how drug-related AEs influence patients' quality of life. Further prospective studies are warranted to prove that apatinib can be a highly recommended targeting agent following bevacizumab treatment.
Conclusions
On the whole, our study found that patients with metastatic colorectal tumors, including patients previously treated with bevacizumab, can gain obvious benefit from apatinib therapy. Moreover, side effects from apatinib are controlled and are similar to those seen in other clinical trials. Some prospective studies are needed to validate the efficacy of apatinib and the role of the NLR in this process. 
